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ABSTRACT

A large solid angle modular NaI(Tl) detector with 432 phototubes and 88 trigger
Sc!ntillators is being used to saarch slmltaneously for three lepton flavor changing
decays of the won. Abeam of up to 105 muons stopDlng per second with a 6% duty factor
would yield up tc 1000 triggers per second from random triple coincidences. A reduction
of the trigger rate to lU Hz 1s required from a hardwired prlmdry trigger processor
described in this pa~er. Further reduction to <1 Hz is achieved by a microprocessor based
secondary trigger processor.

lhe prlmdry trigger ha-dware i~oses voter colnciderce logic, stringent timing
requlremen:s, and a non-qdjacency requlrsnent if!the trigger sclntillators defined by
harhired, circuits. SoDhlstlcated geometric requirements are iny.msed Dy a PROM-based
matrix logic, and energy and vectar-mmentun cuts are Imposed by a hardwired processor
using LSI flash ADC’S and ciigltalarltrmnetlcloglc. hte secondary trigger enwlo:s four
satellite mlcrorrocessors to ao a sparse data scan, multlplex the datd acquisition
channels and apply additional event fllterifrg.

1. INTRODUCTION

A new experimental f.cility is being constructed at the 800MeV Los Alamos Fkson

Physics Faclllty (LA!?F) to study extremely rare processes. The apparatus, referred to as

the Crystal Box, cunsis:s of a large solid angle modular sodiun Iodide detector,

surraundirg a trigger hodoscopc and a cylindrical drift Cnafnber. The first application of

this detector Is d slnultaneous search for the lenton flavor changing decays uf the

positive nuon to e“y, e+y}, and e-e+e-, with a sensltivlt) to branching ratios as low as

1 x 10-11.

High Incidentnuon rates am COPIOUS accidental triggers require a sophisticated

trigge- processor to redJce the volune of recorded dac~. me Systm designed for tnl%

application is d mltilevel assembly of hardwlred logic, programsble mdtrix loglc dnd

microprocessor based devices. A major portim of the system hdS been tested with a

prototype vorslon of the detector.

11. THE DETECTOR

Figure ; is a representation @f the Crystal Box. Covering more than2n sterddldns to

assure high accemance for the 3-body deCdyS, lt Cowilsts of 360 sodlm lodlde modules,

6.35cm x6,35 cm cross-section and 30.5 cm (12 rt3didt10n?er,gthsj long, plus 3b.coriwr

crystals 6.35 cm x6,35 cm and 63.5 cm long, All CryS’dlS Jrc PdCkdgdd 111d Single

hemmtically Sedled enclosure, I:olateftonly Optically from each other. lhe design energy

resolution of 5% at 52.8 MeV provides strong reJeCtiOn of unllantedbackgrounds.

ho array surrounds d centrdl rectangular vol~ne approximately 64 cm x64 cm and 66 cm

long, The Central rQgiOf’ICOntdlnS the imon Stopping tdrget. i CylifIdrlCdl drift chamber

and trigger hodoscope. The StOPplng target CO~SIStS Of 1.3 mm of polya.hylerv?,tilted d:

45°w!th re!in~ctto the beam and presnntlnj d cross section ]0 cm in did,necar, This

drrdngoment optlmizas the Wrtex rcsolut!on, enhdnelng the r~Jectlon of random colncidonues,



The drift chamber has eight signal planes with a total of 728 cells. Employing

10°-160 stereo, it is designed to present ds little material as possible to the electrons

and photons traversing it.

lhe trigger hodoscope cmsists of 36 scintillators, with each scintillator covering

Lne rw of 10 crystals. The scintillater material, Pilot B, is 1.27cm thick and 5.7 cm

wide, but covers only the central seven crystals in each row to insure full shower

containment. lhe scintillators are thus only 44.5 cm long with 15 cm long liqht pipes at

each end, coupled to XP2232 photorultipliers. An electron is identified by a coincident

signal from a sodiun iodide crystal and the scintillator In front of it. A photon is

denoted by a sodiun iodide signal accompanied by no response from the plastic counters.

This photon veto function is made colwlete by 16 guard counters covering the insensitive

end regions of the primary hodoscope counters.

111. THE RAW TRIGGER RATES

lhe trigger processor described in this paper, and a great deal of the other custom

designed electronics described elsewhere is motivated by the high raw trigger rate we

encounter :ompared to the rarity of the processes we are searching for, and the extraordi-

nary cost of implementing the hardware portion of the trigger with conunericalelectronics.

A. The Beam— —.
The LAI?F bedm seen by a user in the Stopped Muon Channel consists of up to

120 macropulses per second, with duration varying from apr)roximately 500 microseconds to

750 microseconds, or a duty factor between 6% and 9%. This implies high instantaneous

rates in our detector v:nenthe nuon stopping rate is between 1 x 105 Hz and 2 x 10b Hz.

In addition, there is a strong incentive to completely process the data taken In

1 macropulse during the roughly 8 milliseconds between pulses. A desirable goal is then

to pass no more than one or two triggers per pulse to the on-line computer.

B* lhe u +eee Reaction: Raw Rates— ——
For the u +eec reaction, the raw trigger rate comes from triple random coincidences

from normal muon decay, The hardware trigger is formed purely from the plastic trigger

scintillators. The logic requires that at least three trigger counters fire tiit.hinS ns,

and that no tw adjacent co~nters are involved in this coincidence. We refer to these two

requirements as SIMULTANEITY and NON-ADJACiNCY, and we wI1l describe two modules designed

to Implement these requirements.

lhe raw trigger rate Is given by

#triggers/sec (averlge) = (#u/see)3(TR)2(~~31/llF2)

whr?re

#u/see ❑ average u stopping rate

N)(N-3)x(N-6) (1)

~R = coincidence resolving tlnm = 5 ns

ni = solid angle/4n of ~verage sclnt.illator~ 0,54/36 = 0,15

OF = duty fdctor In meson area Jt’tcrllnac beam is d{~tributed

to various beam lines s O.OG
N s 36 counters,

This set of assmptlons qtves .

average #trlggers,’sec M (H.35 x 10-’6)(#k;soc)’. (2)

Table I gives the trigger rate~ and scintillJlpr singles r~tes urldur sevcrol assumptions

for the u stopping rate. We usc 6% useful duty f?ctor throllqt]o,~t.



Without further on-line suppression, 5 x 105 u/see is the highest rate at which we

could expect to run the experiment, in order to limit the trigger rate to no more than a

few per macropulse.

TABLE I

!!!K!?W _!!!&_ Average Inst. Average Inst. Trigger/

d!&!?!l~ Rate/Counter Rate/Counte~ ~rigger Rat< Trigger Rate Pulse

1 X105 1.7 MHz 1.5 k!iz 25 kHz 0.84 Hz i4 Hz 0.007
3 X105 5 MHz 4.5 kHz 75 kHz 23 376 Hz 0.2
5 Xlos 3.3 MHz 7.5 kHz 125 kHz 104 H!z 1.7 kHz 1
1 X106 17 MHz 15 kHz 250 kHz 835 Hz 14 kHz
2 X106 33 MHz 30 ‘-Hz 500 kHz 6.7 kHz 111 kHz 5;

c. ne u +ew Reactions: Raw Rates——
Both the plastic scintillators (trigger and guard counters) and the sodiun iodide

crystals participate in the trigger. In principle, a positron can he logically defined as

a scintillator in coincidence with contiguous sodiun iodide crystals and a photon can be

logically defined as sodiun iodide signals with no coincident scintillator signal.

However, there are many problems that mdke such a scheme extremely difficult to implement.

These problems include defining “contiguous.”How close to a scintillator wst the sodium

iodide crystal he? How do we define an energy threshold (should the threshold be on an

individual crystal or on a “cluster”)? How does one differentiate between a shower with a

lot of spreading and a positron close to a photon? To circumvent these problems, the

trigger logic Is defired around detector quadrants. A quadrant with a positron (i.e., a

scintillator signal) is defined as a positron even if it also has a photon. 4 quadrant

with sodiun iodide signals but no scintillator is called a photon. An e*y.y trigger

requires one and only cne positron quadrant and two other photon quadrants, An

e“y trigger requires a positrorlquadrant and a photon quadrant opposite to the positron.

Note that an eaiyevent with two of the particles close to each other is

trigger: the two event types ar separated off-line.

Ihe raw trigger rate for v+eyy is given by

#triggers/see (average) ■

where

vlsec ■

Yp “

tR ■

n/41r●

DF .

This g!ves

average #triggers/see IS

(#u/see)S(YP)Z(TR)Z(Li/4fi)SI/DF~(Z/4)(3/4

considered an e*y

(3)

average stopping u rate yielding an electron for eacl,P

decay

probability of conversion to ? photon ■ %01

coincidence resolving time used in eoy”y logic = 15 ns

solid angle /4n = 0.54

meson area duty factor = 0,06,

3,69 X 10-19(#u/sec)3 (4)

from triple randoms, The trigger rate from random coincidence of an e+ with the process

11++ f2+YW IS COMpaPdble. Table 11 shows the trigger rates arm singles rates for a range

of u stopping rates, Part (c) of the table shows’the rate fcr 2-body ey triggers given by

#triggers/see (averdge) = (u/see)2Yp~R(n/4n)21/DF(l/4) I (u/sec)21@112x 10-1O. (5)

Once again, the desire to trigger ~t less than one tr:gger per macropulsc indicates

an upper llmlt of 5 x 1(15u/see for the 2.~oodyc’(trlggcr.



Thus, ii II+eee trigger rate of one per pulse, in parallel with a2-body ey trigger

of CI per pulse Is the way to run the experlmnt. The u stopping rate wuld then be

betwen 3 and5 x 105Hz. From Table II(aj, this stopping rate is also about as high as

one shuuld go. considering sodiun iodide singles rates. At 5 x 105 u;sec, the single

crystal rate is about 750 Hz. Since about IO crystals participate in a shower, a

conservative estimate of the singles rate in a crystal is really closer to 7.5 kHz. Uith

250ns NaI pulse widths, the pile-up probability is about 0.5 percent. lhis increases

linearly with stopping rate. The singles rate per quadrant is already up to a mgahertz.

TA8LE II (a),(b).(c)

(a) Single Rates:

Ave~
‘nSt” * ~ -

Inst. Inst.

k. x Rate/Crystal K@ZZ!ZK

1 X105 1.7 MHz 0.15 kHz 1.5 kHz 13.5 kHz 2.5 kHz 225 kHz
3 x 10s 5 MHz 0.45 kHz 4.5 kHz 41 kHz 7.5 kHz 675 kHz
; :;:; 8.3 kit4z 0.75 kHz 7.5 kHz 67.5 kHz 12.5 kHz 1.13 MHz

17 MHz 1.S kHz 15 kHz 135 kHz 25 kHz 2.25 MHz
2X106 33 t4Hz 3.0 kHz 30 kHz 270 kHz 50 kHz 4.5 MHz

(b) u+eyy 3-body Trigger Rate~:

Inst.

–L@& 7+H%- Inst.
Trigger Rate

W&L

lx 105 1.7 Ml:z 3.6 X 10-4Hz 0.006 Hz 5 x 10-5
3x 105 5 !4Hz 0.01 0.165 Hz 0.001
5x 105 8.: MHz 0.046 K 0.77 Hz 0.0C6
lx 106 17 MHz 0.37 tiz 6.2 Hz 0.05
2x 106 33 MHz 3 Hz 49 HZ 0.4

(c) u +eyY, ey 2-body Triqger Rates:

Avera ed s ec
Inst.

=
Inst.

~riager Rate

lx 10s 167 MHz 1.8 ~Z 30 Hz 0.015
31 105 5 M14z Ii Hz 250 HZ 0.125
5x lo~ 8,3 MHz 46 i{Z 750 Hz 0.4
lx 106 17 MHz 180 Hz 3 k}lz 1.5
2x 106 33 MHz 729 Hz 12 ktlz 6

— .— . .—. —
Early medsurenw~ts with prototype dQteCtOr modules confirm the rdtes we have

described. The conclu;lon is thdt a nunber of considerations conspire to select a

stopping rate of 5 x \Os u/see as a peak beam intensity. ,!kiditionalIntensity requires

fast trigger suppression and pile-up rejection. At the indicdted intensity, th~ combined

ran trigger rate is approximately two per msc~opulse, or 240 Hz. The ultimate goal is to

oparate the experiment at even high?r pates.

For thu momnt, we have required that the primary hardware trigger proressor provide

an overall suppression of at least 10. lhe secor,ddryrticroprocessor based system would

then have to r’espordto an a{erage trigger rata of 10 to 20 Hz with a 6$ duty factor,
Iv, ?Ur ~NTELL[GENT rl~[GGEppN(JCESSOR

lhe system #e ha!e designed consists of two main subsystems. The primary trigger

harckar? Is required to :rigger on all three redctions In p~rallel and to suppress the

combined r?ti trigger -ate by more than a factor of 10. The primary systcm consists of
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conventional cmrclal fast logic, hardwt red ECL-based loglc of our own design, and logic

enploylng information stored In progranmwble read-only memories (PROM’S).

The secondary processor eIwloys four satellite microprocessors, one for each crystal

quadrant, to acquire and preprocess the data. A Mlcroprogratmnable.Branch Orlver (MBD)

acquires the scintillator and drift chamber data. These five microcomputers substantially

reduce the volume of information to be transferred to the on-line c~uter and monitor the

sodiun iodide calibration as well. final filtering of the data occurs in the on-line

PDP-11/44 that should write to tape at event rates no nmre than 1 or 2 Hz. The overall

reduction in recorded events lies somwhere between a factor of 100 to 1000.
v. THE PRIMARY TRIGGER

This subsystem consistsof separate trigger logic for the u +eee reaction, and the

u + ey and p + eyy reactions. Ue will first describe the logic requirements il~osed on

each portion of the primary trigger and then describe the specific i~lemntation.

A. II+eee Trigger Specification

1. SIt4JLTANEITY- This requirement is the ability to accept coincidences of three

scintillator hits whose timing pulses are all within *2.5 nanoseconds of each other.

To achieve this cleanly requires a 36 input voter coincidence module with high system

bandwi th, discriminator performance free of anoniilies,slewing and walk, and removal

of timing walk induced by position dependence in the trigger counters.

2. NOWADJACENCY - In real time, comparable to the SIMULTANEITY losic, we nust

accept only those triggers where at least three hits occur in a cleanly separated

way. I& nust reject those events where tm hits are in adjacent counters, lest w

accept false triggers induced by soft eleccromagnetlc showers illuminating

neighboring counters. The matrix logic e~loyed nust have speed c~arable to the

SItlILTANEITYlogic.

3. PRETRIGGER - A simple, primitive pretrigger is required in order to strobe the

higher level portions of the logic. We use the coincidence of SIMULTANEITY and

NON-ADJACENCY,

4. GEOMETRY - The topology of legal 3-body decays is quite different from the

distribution of random triple coincidences. Imposing this requirement with a

hardware matrix logic is fast and si~le. Based oriMonte Carlo simulation. it

suppresses the raw trigger rate by about a factor oi fo~r including the non-adjacency

suppression. The matrix logic requires the state of the trigger counters to be

latched upon a pretrigger. This latch circuit can also be used for automated system

exercising, and for the slow datn acquisition.

5. VECTOR h0MENTLR4- The GEOMETRY requirement is a crude kinematic cut. It allows

only those geometries consistent with a 3-body decay of a particle at rest. Am

additional and mre stringent requlrei~nt is the inqo!,itionof hardware cuts on the

total ●nergy of the three bodies, or even the vector nwwntun sun. The key

electronic capability is fast, cheap digitization of sodiun iodide pulse height in

real time. lhis nust be done to about 6-bit accuracy in less than 100 nanoseconds.

es P +eyyand eyTrigge~Speci flcat.ions. .

The2- and 3-body logic ore accolmd~ted simltdncously, though m have shown the

2-body trigger rate will cle~rly dominate. Since those rates aremod~st, a relatively

loose trlggor based upon quadrants of 90 crystals (with associated corner crystals) as the



.

basic trigger elments appears to be suff:clent. Using quadrants, “weInpose the various

requirssnents,of particle identification, tim coincidence, geontry and energy.

1. PARTICLE IDENTIFICATION- The reaction p + ey is a 2-body reaction with one

positron and one photon. The signal for an electron (positron) is a shower In the

sodiun iodide crystals of a quadrant In coincidence with a scintillator from that

quadrant. The scintlllators used are the doubleended counters covering the fiducial

area of the quadrant. A photon Is Identified by a sodiun iodide shiner In any

quadrant vetoed by any sclntillator firing.in that quadrant. Aveto can ccnne from a

double-ended counter, or one of the guard counters.

The 3-body reaction u +ew requires three quadrants with appropriate particle

Identification. It should be noted that these are fairly loose requirenmts since

the trigger does not associate the signals from the plastic detectors and the sodiun

Iodide nme precisely thm on a quadrant by quadrant basis. Final purification can

be done In the on-line or off-line software. The trigger purity will deteriorate at

high rates, and we may eventually need a tight trigger.

2. .TIHE COINCIDENCE- Since these reactions are triggered by plastic scintillator-

sodtun iodide coincidences, the time resolution nust be limited by the sodlun iodide.

With the timing discriminators we have developedll a real-time resolution of 10-15 ns

Is very conservative. The most serious source of error in the on-line timing

resolution comes from the use of entire quadrants of crystals as trigger elements.

lhe sodiun iodide discriminator outputs forlndividual crystals are logically

OR’d on a quadrant wide basis. lhe timing distribution in the trigger is smeared by

the quadrature sun of many crystals, skew?d by edrly firing crystals. We shall see

this in a discussion of the proposed logic.

3. GEOIETRY - rhe 2-body reaction mst always populate bdck-to-back quadrants. The

logic requires an e+ and y in opposite quadrants.

he 3-body reaction has a similar geomtry. Legal triggers come from an ~+ with

either tm photons or more in any other quadrants, or an e+y trigger as cowosed in

the 2-body reaction (with an energy requirement of90 to 120MeV in all three).

4. ENCRGY - The 2-body trigger mst have approximately 5dMeV In each back-to-bflck

quadrant. The 3-body trigger nust sun all quadrants to approximately 10514eV.

VI. THE If@LEMENTATIONOF THE PRIMARY TRIGGER

Parallel to our descriotlon of the required trig~~r algorithms, we describe the

specific design used.

A. ~EiJL%CL?ls
Figure 2 illustrates this portton of the system. Signdls from each end of the

double-ended trigger counters dre split into tvm portions. tie Is recorded by a CAMAC ADC

whun a trigger occurs, The remainder fires the timing discriminatorll we halve developed

for this detector. ~e output frcnneach discriminator is fcd to a wantimer clrcuit21

also developed for this experiment, The meantimer pro(’ucestn output whose timin~ is

independent of the relative timing of each of the tm input sigaals, effectively removing

position dependenc~ in the timing inform?lon from the long counters.

tie meantimer output goes to the u + ey and B + Pyy logic. A specidl high ●dge-speed

output goes t~ h module that imposes the SIMULTANEITY requirement. This custom c{rcuit,

which will bc dcscrlbed in a later publication, producez an output if three or more Inputs

arrlvc within *2.5 nanowconds of each other,
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bother meantimer output Is used by a NOkAllJACENCY module based upon previous

work,31 but adapted to our needs. It receives 36 inputs and turns off outputs

corresponding to adjacent counters. A second module, identical to the SIF9.ILTANEITYbox,

is used as a voter coincidence on its outputs, though the timing requirements are not as

tight as In the SI!lJLTANEITYtrigger. The NOkADJACENCY logic necessarily distorts the

timing Iiiformatlon,so” the tw requlremnts are i~osed separately, rather than in a

single circuit.

The SIMtJLTANEITYand NON-ADJACENCY outputs are put into coincidence, with the timing

determined by the SIt4JLTANEITYsignal. This coincidence is used as the PRETRIGGER, which

Is one ccmponent of the p + eee trtgger and prwides a gate to the latch module shown.

lltelatch module provides the levels for the GEOMETRY matrix logic. It also provides

the ability to exercise the system through CAMAC. Designed for this detector, the latch

module provides standard NIM Inputs and a NIN gate, parallel ECL level outputs, and TTL

level shift register inputs and outputs. This flexibility facilitates c~vuter-controlled

system diagnosis. lhe ECL level outputs are presented to the GEOMETRY matrix log;c.

hr original concept for the GEOMETRY matri~ module employed a standard ECL gate

matrix to define legal and illegal 3-counter mnoinatlons, similar to previous work by one

of US.41 The approximately363 combinations, reduced even by the 8-fold synmetry of our

detector, muld have required an exceptionally large nunber of integrated circuits. ?he

high speed required of this module (<50 ns) dictated ECL logic speed. lhe design has

settled upon the usc of ECL programmable read-only memory (PROM) chips (Motorola

5] Employing all the synnwtry ofMCM10149), which provide access times between 7 and25 ns.

the detector, all legal combinations of three counters, including events with additional

struck counters, can be progwuned into 144 of these 256 x 4 bit PROM’S. A hnte-Carlo

calculation provides us with the list of legal 3-ccunter hits that are then burned into

the PROM’S, Later changes in the apparatus, such as reduced tdrget size or increased

material in front of the trigger counters can be accommodated by recalculating these legal

hits and reprogramming the small nunber of PROM’s affected. The circuit details and

performance wI1l appe~r in a later publication.

lhe final conponcnt of th~ u + 3e trigger is the VECTOR MOMENTUM circuit. This

portion of our system is not yet fully developed, and we intend to run the early stages of

our experiment without 1$. The key technology has, however, been developed and used by us

in a prototype version, For each rcw of sodiun iodide cryst~ls, a llnc~r sun is formal as

part of the u ● CY and e“tytriggers. This sun is converted to a6-bit digital nunber by a

peak scnslng ADC using tileTRW1014J6] flash ADC chip. Canverslon is colwleted typically

wlthln 30 nanoseconds, and data rates up to 30MHt are possible. With 6-bit accuracy and

an arlthnct~c processor to apply a vector mrmentun cut In three dimensions, an order of

magnitude suppression of our trigger rate is predicted. lhe exact suppression Is

dcpendt?nton the final design details.

lhe 16 guard counterJ with sfngle photonultlplier tubes are show In Fig. 2 with their

pulse splitters and ttming discriminators. lhey l?c not used In the u +eee trigger.

B, p ●eyYand u+ eyTrlggcr Logic.-..—
The sodiun iodide i! used more extensivt?lyin fonniny these trtggnrs, The front end

cfrcuit for the 36Lirellularcrystals and the 3G double-ended corner crystals ~s shown In

Fig. 3, Each raw signal passes through a filter circuit designed to clip dnd coupress Lhe



pulse. Superior to a cable clip, the details will appear in a

main purpose is to minimize pile-up at the high singles rates we

are followed by a 3-way signal splitter and a gain of 10

sufficient signal amplitude for the timing discriminators.

later publication. Its

expect. The Clip filters

amplifier that supplies

lhe timing discriminators are identical to those used on the scintillators except for

the adjustment of the constant fraction circuit, which is optimized for the sodiun iodide

pulses. The discriminator outputs are used for the timing portion of this trigger, and

for the precision time-t~amplitude (TAC) converters used in the secondary system

described below.

A second fraction of the analog signal is digitized by precision integrate-and-hold

modules multiplexed to an ADC by the intelligent nultiplexers also mentioned in our

discussion of the secondary system. The remaining analog signal is applied to linear

sunming circuits to form energy suns for the rows and quadrants of crystals.

Figure 4(a) shows how the linear suns are formed for each of the rows and the corner

crystals of one quadrant. LeCroy 127FL linear fan-in modules are used for this function.

These suns are used in the VECTOR MJMENTUM hardware previously described, and in the

u + ey aridu + eyy trigger described below.

Figure 4(b) illustrates the use of the timing discriminator outputs to form a time

signal for use in the u + ey and u + eyy trigger. A special 90 input logic fan-in has

been developed to provide a single time signal for each quadrant. Individual row sigfl~ls

and test inputs are indicated. lhis relatively crude technique should be sufficient at

the stopping rate cf 5 x 105 Hz, where Table II(a) indicates the quadrant singles rate is

67.5 kHz.

Figure5 describes the central portion of the trigger hardware for the two photon

reactions. Each quadrant is identified as an electron or photon quadrant by the logic

shown. The quadrant signal from the timing fan-in is put in coincidence with the trigger

scintillators to denote dn electron. A veto is formed from the trigger and guard

counters, to identify the photon.

lhe linear sun of the sodiun iodide signals is used for two kinds of energy cut. The

u + ey trigger requires a back-to-b3ck deposit near 50 MeV in each of two quadrants. A

total energy sun close to 105 MeV is required for the eyy trigger. The details of this

i~lementation are straightforward, employing stand~rd conunercialelectronics.

VIII, THE SECONDARY TRIGGER ANIIDATA ACQUISITION SYSTEM

Having formed one of three different primary trigger signals corresponding to the three

reactions under investigation, additional processing of the dat~ is required to reduce both

the trigger rate and the nunber of data vards per event. A fecondary system employing sev-

eral microprocessors has been developed to carry out these additional requirements.

The combined primary trigger rate is about 10 Hz, after employing the hardware

trigger logic described above. At a nuon stopping rate of 5 x 10SHZ, with a data

collection time of 4 x 106 seconds, the experiment will stmple 2 x 10~L muon decays. At

1(!Hz, the seco,ldarysystem will process 4 x 107 e;’onts.

Each event contains pulse height and time information from 432 sodiwn iodide

channels, pulse height and timu information from 88 scintillator channels, time

Information from 728 drift chmber wires, 120 scaler channels, and assorted latch bits ~nd

status Wrdso Without col~action, more than 1000 words would be required per event.



Since nwst channels are enpty in a real event, considerable reduction in the volune of

Information recorded by the data acquisition system can be achieved by eliminating eqty

channels.

Calculations and preliminary tests with the hardware indicate an average event will

contain only 70 drift chamber signals and 200 words of data from the sodiun iodide. The

sparse data scan for the drift chamber Is performd by conmrcial hardware (the

LeCroy 4290 system). Wr secondary ha-chvareperforms this function for the crystal data.

Given the above conditions, three main goals Wre established for the secondary

system Events had to be processed, on the average, in the 8 milliseconds bet~en

accelerator pulses. We refined this to include the capability to handle tm events in

consecutive pulses, but not events in three consecutive pulses. The incident trigger rate

had to be reduced from 10 Hz to a rate of 1 Hz written on magnetic tape. Each event had

to contain about 350 words, implying removal of enpty channels. This :auld confine the

recorded data during the entire experiment to 500 magnetic tapes.

At theLA~F laboratory, a considerable body of data acquisition hardware and software

has been”developed, and we felt constrained to use as nuch of this system as possible. An

extensive”netmrk of POP-11 computers exists, with at least one at each beam line. Kst

data Is taken through CAMAC using a MicroprogranvnableBranch Driver (MBD).71 The software

supporting this configuration is a standardized, powerful program called “Q’’.*I

Early tests ..i:h the main data acquisition PDP-11 showed that it could not fulfill

all three of our goals. It could not discard enpty data chdnnels and dpply additional

cuts to reduce the 10 Hz trigger rdte. %e MBD processor possesses no floating point

capability, so it is not suitable for event cuts, and it is too slow to do the sparse

scan on all 432 sodiun iodide channels in the ti~ allotted.

h additional level of intelligence was added to the system in the form of

LSI-11/23microconputers with one assigned to each quadrant.

Flgure6 illustrates the essential features of the secondary trigger processor

data
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schematic form. The90 cryztals in one quadrant (and the !8 corner crystal signals) are

connected to specially designed integrate-and-hold modules and time-to-amplitude

converters, as shown in Fig. 3. lhese modules integrate a signal in response to a master

trigger from the primary trigger hardware. The integrated result for each channel Is held

until the LSI-11/23 commands the nu!tiplexer to connect each channel to the precision ADC

for digitization. TheLS1-11/23 thus acquires each of the216 data mrds produced by this

operation. Each channel is tested and the set of &ta is reduced to contain only the

active data channels. lhus, the main functions performd for us by the LSI-11/23 are the

crystal ddta acquisition, multlplex control and sparse data scan. Conmmnication between

this “Intelligent Multiplexer” and the ADC and hardware Imltiplexer is through a direct

interface designed by us. Communication with the CAMAC branch highway is through the

91 This differs from the more conmonAuxiliary Crate Controller (ACC) via the “l&bus”.

practice of connecting theADC directly through the CAMACoa:away.

lhe LSI-11/23 perfonm a additional funct’

additional role Ii needed in the future. During

432sodlun iodide channels nust be continuously

achieve the design energy resolution. After initial

are stabilized by an additional event trigger act

on, and is capable of an important

the experimnt, the gains of the

monitored and controlled in order to

and periodic calibration, the gains

ve only during the last 52 of any



accelerator pulse not producing an ordinary trigger. During this stabilization period,

the hardware will accept a trigger from a single ordinary muon decay. The characteristic

shape and energy cutoff of the Michel spectrun wI1l be stored in the LSI-11/23 for each

crystal In the quadrant. These spectra are used by themein data acquisition PDP-11/44 to

umate the Individual channel gains during the run.

lhe additional kinematic cuts needed for reduction of the trigger rate frmn10 Hz to

a taping rate of 1 Hz could be performed in the LSI-11/23 processors. ThiS muld

necessitate considerable conmunlcation between the four satellite processors. To avoid

this c~lexlty, these cuts will be performed within the main PDP-11/44, an acceptable

sltuatlon under our initial running conditions. At a later tire, however, these cuts may

be perforned upstrean by allowing oneLSI-11/23 to access all four nmories after the

sparse data scan is c~lete. A fast Special Processor Unit (SPU) with a 142 ns cycle

time could be added to speed this process. Thus, we may eventually perform the

multiplexing, sparse data scan, and cuts entirely within the Intelligent Multiplexer.

The Auxiliary Crate Controller system we use consists of the BiRa Model 1101

ACCQ-buS Adapter, the BiRa itidel1151 ACC Oataway kcess Port and the BiRa Model 1150

ACC Cont:ol Port. The specific roles performed by these ~dlJleS are described in Ref. 9,

and the manufacttirer’s literature. The ACC controls the conmlnication between the

LSI-11/23 Q-bus and the CAMAC dataway and is responsible for setting system flags and

providing system synchronization.

Figure 7 is a more detailed view of the secondary system en’qhaslzlg the circuitry

for one crystal quadrant and elucidating the arrangementof event trigger pulses, system

status signals, and synchronization pulses. lhis specific arrangement has been used by us

in a recent test run.

If the operatcr and conputer signal a ready condition, the logic enables either the

normal master trigger or the stabilization event trigger as selected. The appropriate

trigger causes a hardware Interrupt in theLSI-11/23 procezsor, the CAMAC modules used in

the drift chamber and sclntlllator data acquisition, and the event trigger module. The

latter module sigfialsthe MIMIwith the appropriate’’Q-event”81nunber. Lvents 9 and 10 are

thus triggered by the hardware and initiate acquisition by the MBD of the drift chamber

and scintlllator data. Slnultancously with this process, the Intelligent Multiplexer

system Is acquiring and processing the crystal data. With event levels 9 dnd 10 triggered

thet4BD processes, In priority order, event level 10, followed by 9. The last operation

performed In processing event9 is the software triggering of event levels 11 and 12. The

LSI-11/23 is interrogated to determine if it hdS completed processing its crystal data.

Uhen this condition is achieved, the MBO receives the crystal data. At the completion of

processing event level 12, the MBD software responds to event 11, and dumps, In a

synchronized manner, all portions of the specific ph)slcal event to the PDP-11/44.

Hardware signals enployed In the system are shown in Fig. 7.

fie System allows us to collpressthe data acquisition time by us~ny a considerable

anmunt of distributed parallel processing. It can handle tw master triggers during

consecutive machine pulses. Furthermore, it is easily modified or expanded due ta ,h~

flexible architecture and software.

During a stabillzacion ev~nt

theLSI-11/23 acquires the crystal

In which single positrons frommon decay ~re recorded,

data from a quadrant, dnd uses approximately 6U K words



of nmory to histogram the pedestals dfId positron energy spectrafor all 108 crystal

channels. These data are stored, periodically retrieved by the PDP-11/44, analyzed, and

the gain and pedestal results are downloaded into theLSI-11/23 microprocessors via the

Dataway kcess Port. permitting omllne monitoring of all crystal gains. Stabilization is

also perfonnd using a flasher and fiber optics system connected to all crystal channels.

[n processing Stdbi;izalion triggers, the “@event” hardware Is not used as Fig. 7

indicates.

1x. SIHMARY

In a conplex facillty designed to search for e~tremely r?re processes anong a

background of copious dCCideIItdl triggers. a trigger processor eqloyifig many kinds of

technology has been developed to reduce the volune of data that tnwstbe analyzed after the

experimental run Is cmpleted. A reduction f:cnn a maxlnum clatd rate of 1000 events per

second. each containing more than 1000 words, to a rate of appro~imately one event per

second, containing about 350 words, is achieved. Many nddltlonal functions are perfomd

as w1l.

The system consists of high speed digital matrix Ioqic, progranvneblehardware luglc.

and distributed microprocessor-based intelligence employed in a layered system. Most of

the key design choices and the overall archit~cture have been described. Detailed

articles on each of the inportant syst@s and modules will appedr dt a ldter tin.
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